4 Fep 4 199 oy 33, 130

{4

- \3

NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MSC INTERNAL NOTE NO. 69-FM-15

Januvary 27, 1969

OPERATIONAL ABORT PLAN FOR
THE APOLLO 9 MISSION

VOLUME | - LAUNCH PHASE

J me 0‘\969
€Chnica ij’)i‘a% Leyr
ot MO
., e

Flight Analysis Branch

MISSION PLANNING AND ANALYSIS DIVISION

MANNED SPACECRAFT CENTER

Yo e
v (g HOUSTON.TEXAS
$
-72495 -
w~b (N ASA-TH-X-70041) OPERATIONAL ABORT PLAN N74-72495

" poR THE APOLLC 9 MISSION. VOLUME 1:

NIETI L pAUNCH PHASE (NASA) 62 P upclas |
el 00/99 16870



MSC INTERNAL NOTE NO. 69-FM-15

PROJECT APOLLO

OPERATIONAL ABORT PLAN FOR THE APOLLO 9 MISSION
VOLUME | - LAUNCH PHASE

By Edward M. Henderson
Flight Analysis Branch

January 27, 1969

MISSION PLANNING AND ANALYSIS DIVISION
NATIONAL AERONAUTICS AND SPACE ADMINISTRATION
MANNED SPACECRAFT CENTER
HOUSTON, TEXAS

wwonts sl (0000

Charlie C. Allen, Acting Chief
Flight Analysis Branch

Approve

Mayer, Chief

Missient Planning and Analysis Division

-t



Section

([

2.0

3.0

5.0

6.0

SUMMARY . .

INTRODUCTION

INPUT DATA

CONTENTS

LAUNCH TRAJECTORY MONITORING .

4.1 Ground Monitoring .

4,2 Onboard Monitoring . . . .

DISCUSSION OF LAUNCH ABORT TRAJECTORY

5.1 General Trajectory Data

5.2 Suborbital Aborts . . .

5.3 Contingency Orbit Insertion

CONCLUDING REMARKS

REFERENCES

iii

DATA

Page

co O W

57



Table

II

IIT

Iv

VI

VIiI

TABLES

LAUNCH SEQUENCE AND EVENT TIME FOR APOLLO 9
LAUNCH . . . « « + « « o« &

SC CONSTANTS USED FOR APOLLO 9 LAUNCH ABRORT
STUDIES . v ¢ ¢ ¢ ¢« ¢ o o o o o &

COMMAND MODULE AERODYNAMICS USED FOR APOLLO 9
LAUNCH ABORT STUDIES . . « « « « o « & «

TYPICAL DSKY PARAMETERS DURING LAUNCH FOR THE
APOLLO 9 MISSION . . « . « .+ &

TRAJECTORY CHARACTERISTICS FOLLOWING NOMINAL
MODE II ABORTS FOR THE APOLLO 9 MISSION

(a) Entry parameters . . « « « « o+ . .
(b) Event times . . . . . . . . . .

TRAJECTORY CHARACTERISTICS FOLLOWING NOMINAL
MODE III ABORTS FOR THE APOLLO 9 MISSION

(a) Burn parameters . . e e e e
(b) Entry parameters . . . . . . . .

TRAJECTORY CHARACTERISTICS FOLLOWING NOMINAL
MODE IV ABORTS FOR THE APOLLO 9 MISSION

(a) Without AV pad e e e e e e e
(b) With 100 fps pad - « « « « « « &« «

iv

Page

10

12

13

14

19
22

2k
27

30
33



Figure

10

11

12

13

1k

FIGURES

Apollo 9 launch timeline and contingency
capability . v ¢ o o v v e 0 e e e e e e e e

Launch abort and capability limits . . . « « « . &
Near-insertion abort mode overlap . . . . « « o &
S-IVB early staging to orbit capability . . . . .
SPS contingency orbital insertion capability .

AGC display keyboard and display parameters . .
No-voice crew chart for launch phase .

Inertial velocity and inertial flight-path angle
along the nominal launch trajectory

(a) Complete launch . . « « « « o ¢ « « « o &
(b) Near insertion . « « « « o o o o o o o o o o

Downrange distance and altitude along the nominal
launch trajectory

(a) Complete launch . o« « « « « o & « o « « o o &
(b) Near insertion . . « « « ¢ « o « « « « &

Spacecraft IMU gimbal angle readouts along the
nominal launch trajectory . . « « + o + o« & &

Mode II abort parameters for aborts from the
nominal launch trajectory . « « « + « « ¢ « &

Entry orientation following no burn aborts from
the nominal launch trajectory . . . « « « o + .

Mode IIT burn orientation following aborts from
the nominal launch trajectory . . . . « + « « .

Mode III abort parameters for aborts from the
nominal launch trajectory . . . ¢« « ¢« « o« ¢« o &

Page

36
37
38

39
40
L1
42

43
Ly

45

L6

L7

48

L9

50

51



Figure

15

16

1T

18

19

Constant mode III AV contours required to land

at the Atlantic discrete recovery area .

Entry orientation following mode III aborts from

the nominal launch trajectory . .

Mode IV burn orientation following aborts from

the nominal launch trajectory

Mode IV abort parameters for aborts from the

nominal launch trajectory . . .

Constant mode IV AV contours required to achieve

a T5-nautical mile perigee altitude

vi

.

Page

52

53

54

25

56




OPERATIONAL ABORT PLAN FOR THE APOLLO 9 MISSION
VOLUME I - LAUNCH PHASE

By Edward M. Henderson
1.0 SUMMARY

A continuous method of returning the flight crew safely to earth
for the Apollo 9 mission - with or without ground control help - has
been defined. This volume contains the rationale and supporting data
for the launch phase. Volume II will contain the abort data for the
orbit phase. These abort studies were conducted for the command and
service modules (CSM) - 104 spacecraft and the AS-504 launch vehicle.
The abort trajectory data presented provides information on abort
monitoring, abort maneuver requirements, and abort results.

2.0 INTRODUCTION

The abort studies contained in this document were conducted for the
CSM-104 Apollo spacecraft (SC) and AS-504 Saturn V launch vehicle (LV).
Specific trajectory data resulting from a launch escape vehicle abort,
mode I, are not presented because of a change in launch pads:'(39B to 39A)
sincé the publication of the operational launch trajectory (ref. 1).

The launch pad coordinates have a negligible effect on'subsequent abort
modes, and the data presented will be very representative for the Apollo 9
mission. Representative mode I data can be obtained directly from
reference 2,

The data presented is primarily an update to previous studies based
on specific Apollo 9 characteristics. The basic launch abort philosophy
and abort mode definitions are essentially unchanged from the previous
Apollo missions. General information, along with dispersion trends, can be
obtained directly from reference 3. The current launch abort techniques
are presented in reference 4.

The SC trajectory data shown in this document were based on
computer simulations of the recommended abort procedures. These studies
were conducted by TRW Systems Group, Houston Operations, under
MSC/TRW Task A-162 (ref. 5).



The launch abort capability is best illustrated by figure 1, which
indicates the primary and backup abort methods for the nominal launch

timeline. The LV and SC abort event times are presented on table I
for the nominal launch profile.

This document presents information that could be used by ground
controllers and the crew to provide safe abort capability in the event

of a contingency during the launch phase. Volume II will contain the
abort data for the orbit phase.

3.0 INPUT DATA

Pertinent SC constants and performance characteristics for CSM-10L4
were obtained from references 6 and 7. The SC constants are summarized
in table II, and the SC aerodynamics for launch aborts are shown in table III.
table III. The initial state vectors used for abort initiation were
based on the AS~-50L4 operational launch trajectory (ref. 1). Note
these studies are based on a launch from pad 39B. Since the generation

of these studies, the launch pad has changed to 39A. This change has
a negligible effect on the enclosed trajectory data.

The multi-vehicle N stage (MVNS) computer program, reference 8,
was used to simulate the abort trajectories studied. The inertial
measurement unit (IMU) reference system used in this report to define
the attitude angles is a right-handed orthogonal coordinate system
centered at the launch site. The positive X-axis extends down range
along the flight azimuth (72°) and lies in the horizontal plane. The
positive Z-axis is directed downward along the astronomical vertical
at lift-off. The positive Y-axis completes the right-handed system.

4.0 LAUNCH TRAJECTORY MONITORING

4.1 Ground Monitoring

The ground Mission Control Center in Houston (MCC-H) flight
controllers have the prime responsibility of monitoring the trajectory
during the launch phase. The ground is prime for determining abort
trajectory 1limit violations, abort mode decisions, and GO - NO-GO orbit
insertion status. The flight dynamics displays are the trajectory monitoring
displays used by the ground controllers. These consist of the launch
digitals and projection plotters displayed on cathode fay tubes
(TV) and analog plotboards. The displays are driven by real-time
‘computer computations based on the actual flight data received
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from the Manned Space Flight Network (MSFN). The Flight Dynamics
displays currently being used in Apollo 9 simulation are presented
in reference 9.

The launch abort trajectory limits are summarized on figure 2.
These limits include a structural breakup limit, 16g limit, a 100-second
free-~fall time (tff) limit, and an exit heating limit (still under

arbitration). Note that the exit heating limit is invalid for engine
out or low thrust trajectories. These limits define a launch corridor
that is acceptable for safe SC abort capability. In addition to the
limits and the nominal trajectory, the S-IVB early staging and service
propulsion system (SPS) contingency orbital insertion (COI) capability
lines are shown. The latter two lines define, respectively, when the
S-I1 has progressed sufficiently for the S-IVB to direct stage into a
parking orbit (100 n. mi., circular) and when the S-IVB has progressed
enough for the SPS (mode IV) to insert the SC in a contingency orbit
(hp > 75 n. mi.).

Comparing the COI capability with the suborbital capability for
the near-insertion region, the abort mode overlays can be determined.
This is shown on figure 3 and, as can be seen, the mode IV COI capability
overlaps the end of mode II and all of mode IIT along the nominal
trajectory. "Also shown are the dispersed S-IVB cutoff conditions that
would require an apogee kick or a mode III maneuver. The T5-n. mi.
perigee altitude line is shown to indicate when the S-IVB has achieved
a GO orbit and a 8.5-second line indicates an S-IVB overspeed condition.
Note that mode III capability is limited by 100-seconds tff and 16g

constraints. Therefore, mode III burns initiated beyond these constraints
would require 1lift modulation to aveid a land landing or to reduce g.
Increased insertion ranges would further restrict the mode III capability.

The trajectory lines shown on figures 2 and 3 are analogous to the
plotboard information being displayed to the flight controllers in real
time. Comparing the actual launch trace with this trajectory information
will aid the flight controllers in determining the trajectory status
during launch and to determine the appropriate abort mode, if necessary.
The S-IVB early staging and the SPS COI capabilities depend on current
altitude. Therefore, console plots, such as figures 4 and 5, will be
required to determine these capabilities for off-nominal altitude
histories. The ground will keep the crew informed on the trajectory
status by voice communications and request abort action by both voice
and the abort light upon abort confirmation.



4.2 Onboard Monitoring

During launch, the crew has command module computer (CMC) program
P-11 and its corresponding DSKY displays, and the flight director
attitude indicator (FDAI) displays to facilitate trajectory monitoring.
P-11 is automatically initiated upon lift-off (or manually by VTSE)
and is available until the ground or crew commands program 00. Normally
the ground will inform the crew of their trajJectory status. However,
if voice communications were lost during the launch, the crew would
have to depend on P-11 displays for this information. Table IV shows
the values of the DSKY paremeters for a nominal launch, which were
computed with the COLOSSUS guidance equations (ref. 10) for Apollo 9.
The nominal FDAI attitudes during the launch are shown on figure 10.
The DSKY displays are updated every 2 seconds and displayed to the
crew. Any time the ground should rule the SC guidance NO-GO, the
computer would be commanded to program 00, and these DSKY displays
would no longer be available.

In conjunction with the DSKY displays associated with P-11 (fig. 6),
an onboard chart (fig. 7) is proposed for use in the event of voice
communications loss during the launch. The basic DSKY displays for
launch monitoring are the inertial velocity, Vi’ altitude rate, h,

and altitude, h, parameters. Therefore, these are the parameters used
to govern the chart. The chart with the DSKY is to be used to help
determine when and what abort action is necessary. These functions
would normally be conducted by the ground when voice communications
exist. Once the abort decision has been made, the crew would use the
DSKY parameters to monitor the abort burn. The mode IITI and IV SPS
burn ignition times are for 125 seconds after S~-IVB cutoff; other
ignition times would be incompatible with the COI capability shown on
the onboard chart and with burn verification runs made by the ground.

If tff becomes equal to 100 seconds and is decreasing during a burn,

the burn must be terminated and immediate entry preparation initiated.
Caution should be employed during the mode IV burn. If anytime during
the burn perigee altitude starts decreasing, the burn should be
terminated; and if terminated with hp < 75 n. mi., a mode III abort

should be initiated when h <O0orh < 75 n. mi., and an apogee kick

should be initiated when h > O.

The onboard chart is divided into two parts and plotted on one
chart for operational ease. The first part, shown on figure 7, shows
the nominal altitude rate versus velocity trace and the current abort
trajectory limits. ©Should the actual flight trace violate the booster
breakup line, the exit heating limit, or the maximum entry load limit
line (16g), an abort is required. Note the exit heating limit is
invalid for engines out or low thrust trajectories. If the trace




approaches the tff limit line, V82E and N50E should be called and abort
action taken when tff equals 100 seconds and is decreasing. Note that

even if voice communications were lost, the ground might still be

able to command abort action by using the abort light. Because of

the sensitivity of the 16g limit line to altitude, this limit is shown

for several different altitudes, and the current altitude displayed

on the DSKY would govern which abort limit to use.

The second part, shown on figure 7, shows the nominal altitude
rate versus velocity trace for approximately the last 2 minutes of
the launch. This chart expands the region where abort capability starts
varying rapidly. The primary use of this chart is to show for what
S5-IVB cutoff conditions COI capability exists. Therefore, the COI
boundary is defined for different altitudes. Since the altitude is
fairly static near insertion, the crew could choose the appropriate
COI boundary and determine when the S-IVB trace crosses into the COI
capability region. Note if the S-IVB cutoff point is ocutside the
appropriate mode IV evelope and beyond the 2 minutes 5 seconds to
apogee line, then it is recommended that the COI maneuver be postponed
until apogee (apogee kick). The other abort capabilities can be
determined directly from the DSKY. Once tower jettison has occurred,

mode IT capability extends until AR? becomes greater than -400 n. mi.,
which corresponds to a full-lift landing at 3200 n. mi. S-IVB cutoff
conditions resulting in a AR of between -400 and 0 n. mi. when a
suborbital abort is required indicate a no-burn, half-lift entry abort
procedure; for AR > 0, a mode IIT burn is required. A GO orbit is
achieved when perigee altitude is greater than or equal to 75 n. mi.

Note whenever the tff is 59 minutes 59 seconds, the AR computation

is invalid. This is true once the perigee altitude becomes greater
than 300 000 ft. If a mode III burn is required in this region, AR
will become valid when the burn has progressed enough to decrease
perigee altitude below 300 000 ft.

5.0 DISCUSSION OF LAUNCH ABORT TRAJECTORY DATA

5.1 General Trajectory Data

The ascent profile is governed by the launch trajectory as defined
in reference 1. A list of the key events during launch is presented
in table I. The spacecraft abort data uses this trajectory as a basis

aAR, or SPLERROR, is the difference between the onboard predicted
landing point and the mode III target point.



for initial abort conditions and a monitoring guide. The spacecraft
abort capability i1s primarily a function of the inertial velocity,
inertial flight-path angle, altitude, and down-range distance. These
critical parameters are shown on figures 8 and 9 for the nominal launch
timeline. The spacecraft IMU gimbal angles are presented on

figure 10 for the nominal launch. These are used to monitor the
attitudes during launch and to establish initial SC orientations for
abort conditions. Note that a tumbling abort could result in any
attitude at abort initiation and would require a manual correction, -
but this additional sequence will have a negligible effect on data

presented in this document.

If initiasl abort conditions can be related to the velocity,
flight-path angle, altitude, and down range distance, then the resulting
SC abort trajectory data is representative from mission to mission.

This is because of the similarities inherent in the Apollo SC design.
Therefore, plots such as those shown on figures 8 and 9 can be used

to correlate data from other launch abort studies to this mission by
adjusting the times to the state conditions.

5.2 Suborbital Aborts

Suborbital aborts are defined as aborts that occur in the launch
phase prior to COI capability, where entry is eminent, or aborts which
occur near insertion that require immediate return to the earth. These
suborbital aborts are subdivided into three abort modes:

1. Mode I aborts which require use of the launch escape tower
(LET) to perform a safe abort.

2. Mode II aborts which require separation from the LV and a
full-lift entry.

3. Mode III aborts which require separation from the LV and then -
a maneuver to avoid land landing.

The possibility of mode I aborts from the Saturn V vehicle exists
from the time the launch escape vehicle (LEV) is armed until nominal
tower jettison at approximately 3 minutes 16 seconds ground elapsed
time (g.e.t.). The LEV is designed to accelerate the CM and the
crew away from the LV to a safe separation distance and far enough
down range from the launch pad for a safe water landing. Mode I
aborts are divided into three categories: mode IA (low altitude),
mode IB (medium altitude), and mode IC (high altitude).

Since the generation of the LV operational trajectory (ref. 1)
the launch pad has been changed from 39B to 39A. Because of the
sensitivity of mode I trajectory data to the pad location, no mode I
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trajectory data is presented for this LV trajectory. However, the

data presented for Apollo 8 in reference 2 is considered to be very
representative of the Apollo 9 mode I trajectory characteristics and
can be used until the LV trajectory is revised for the new pad location.

The mode II abort procedures are designed for contingencies
occurring from LET jettison (196 seconds g.e.t.) until a safe orbit
can be achieved with the SPS (562 seconds g.e.t.) or until the resulting
landings threaten the west coast of Africa (Rip = 3200 n. mi.). Because

these aborts can result in high entry loads (g) and/or time critical
entries, no range control maneuvers are considered. A full-l1ift entry

is used to minimize g, and a simple separation technique is established
for rapid entry orientation. The mode II sequence requires at least

a 100-second tff from S-IVB cutoff to 300 000-ft altitude for orientation

to proper atmospheric capture attitude (blunt end forward).

A list of the pertinent trajectory parameters for mode II aborts
from the nominal launch trajectory are presented in table V. The
resulting tff, g, and landing range following a mode II abort are

plotted on figure 11. The SC IMU pitch gimbal angle corresponding to
the proper CM entry orientation attitude is presented in figure 12.

A more detajled analysis of the mode II aborts for the Saturn V
launches is presented in reference 3.

The mode III abort procedures are required for contingencies
occurring beyond mode IT (Rip > 3200 n. mi.) when a safe orbit cannot

be achieved or when SC systems malfunctions dictate immediate landings.
The first mode III requirement is unlikely because of the large COI
region and S-IVB cutoff conditions would have to be greatly dispersed
from the nominal launch trajectory (fig.. 3). The second is unlikely
because if such a malfunction had occurred during launch, the abort
would more probably be initiated prior to entering mode III, and
fajlures occurring after entering mode III would be almost impossible
to confirm in sufficient time to recommend a mode III abort. System
failures would have to be such that landing must occur in less

than about 30 minutes versus about 2 hours for landing in Area 2-1.
These types of system failures are currently undefined.

Mode III abort capability begins at the end of mode II when the
full-1lift landing range (Rip) exceeds 3200 n. mi. (571 seconds g.e.t.).

Since mode III entries are half-lift (RL55) and the SPS retrograde
burn is only required to achieve a landing range of 3350 n. mi., there
exists a period (between 571 and 594 seconds g.e.t.) which requires
no-burn and landings would be west of 3350-n. mi. landing target
(ADRA). Should the mode III burn violate top (100 seconds) or g (16)

during the burn, the burn must be terminated and the appropriate 1ift
profile flown to avoid land and/or reduce g.



A list of the pertinent trajectory parameters for mode III aborts
from the nominal launch trajectory is presented on table VI. The
SC IMU pitch gimbal angle corresponding to the horizon monitor
(31.7° window sribe mark) retrograde SPS burn attitude is presented
on figure 13 for mode III aborts from the nominal trajectory. The
required AV and the resulting tff and g for the mode III aborts are

plotted on figure 14. The mode III AV requirements to achieve landings
at the Atlantic Discrete Recovery Area (ADRA) are shown on figure 15
for deviations from the nominal flight-path angle. Note from this
figure that the mode III region is bounded by the end of mode II,

16g entry load limit, and the 100-second tff limit. The SC IMU pitch

gimbal angle corresponding to the proper CM entry orientation attitude
at 0.05g is presented on figure 16. Additional mode III abort definition
and trajectory data can be obtained from reference 3.

5.3 Contingency Orbit Insertion

The COI procedure is selected for contingencies once the SPS can
insert the SC into a safe orbit (hp > 75 n. mi.) and deorbit from any

place in the resulting orbit. This capability is divided into two
regions: (1) mode IV which requires an SPS burn as soon as practical,
and (2) apogee kick which requires delaying the SPS burn until apogee

is achieved, COI is the prime selection whenever the capability exists
because it is the safest and has potential alternate mission capability.
It allows the ground and crew ample time in earth orbit to determine
the SC's trajectory state and system's status, and the ground can
compute a precise deorbit maneuver for a planned landing area.

The initial mode IV capability is not dependent upon the amount
of SPS propellant loaded for this mission, but is based on the SPS
performance with the fixed burn attitude to achieve orbital velocity
prior to premature entry. 1In addition, this capability is extremely
sensitive to pitch errors during the maneuver. Therefore, the capability
is defined for a *2° pitch error bias during the burn.

Mode IV COI capability begins at 562 seconds g.e.t. and ends once
the S-IVB has achieved a safe perigee, 648 seconds g.e.t., or about
1l second prior to the nominal S~IVB cutoff signal., A list of the
pertinent trajectory parameters for mode IV maneuvers performed from
the nominal trajectory are presented on table VII., The SC IMU pitch
gimbal angle corresponding to SPS ignition (125 seconds after abort)
using horizon monitor (31.7° window scribe mark) for the mode IV is
shown on figure 17 for burns initiated for S-IVB shutdowns along the
nominal trajectory. The ground-computed AV is that required to achieve
a hp = 75 n, mi. This AV will be padded approximately 100 fps prior




to being relayed to the crew. These AV's along with the resulting
orbital parameters are plotted on figure 18. The mode IV AV requirements
to achieve a hP = 75 n. mi. are shown on figure 19 for deviations from

the nominal flight-path angle.

The apogee kick capability begins once the S-IVB cutoff conditions
would locate the apogee favorably for such a maneuver. Previous studies
have indicated this to be true when apogee occurs greaster than
125 seconds from S-IVB cutoff and for S-IVB cutoff velocities in
excess of 23 500 fps. Even though the apogee kick is nearer optimum
than the mode IV for the COI maneuver, current mission rules stipulate
that this maneuver will only be recommended for S-IVB cutoffs beyond
the mode IV capability. This is because of an inherent deley in the
ground's computation of the apogee kick maneuver, vwhereas the mode IV
solution is readily available. Additional COI trajectory information
can be obtained from reference 3 and can be used to supplement the
information presented in this document.

6.0 CONCLUDING REMARKS

This document plus previous Saturn V launch abort studies demon-
strate that an adequate abort plan exists for the launch phase of
the Apollo 9 mission. In addition, it presents information that could
be used by ground controllers and the crew to provide safe abort
capability. The data presented is primarily an update based on specific
Apollo 9 characteristics. The basic launch abort philosophy and abort
mode definitions are essentially unchanged from the previous Apollo
missions. Past studies, such as the launch abort studies presented
in references 2 and 3, can be used to supplement the enclosed data
with reasonable agreement.

Mode I launch abort studies will be conducted upon receipt of the
revised launch trajectory (pad 39A). If these studies indicate an
appreciable change from the Apollo 8 data, then these will be publlshed
as an amendment to this document.

The primary objective if contingencies occur during launch is to
continue into orbit whenever possible. These studies show that the
existing launch abort procedures and techniques used to define, execute,
and monitor abort trajectories are adequate for contingencies which
could develop during the launch phase for the planned Apollo 9 mission.
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TABLE I.- LAUNCH SEQUENCE AND EVENT

TIME FOR APOLLO 9 LAUNCH

iiz;:éé Event description
-20:00 arm the LEV, begin mode IA -
00:00 first motion

00:42 begin mode IB , y
01:45 fixed time abort 1 (mode IB)

01:5L4 100 000 ft altitude, begin mode IC

02:1k4 S-IC center-engine cutoff (TB2)

02:39.7 S-IC onboard-engine cutoff (TB3)

02:40.5 . S-IC/S-II separation

02:42.1 S-II ignition

03:00 fixed time abort 2 (mode IC)

03:10.2 Jettison S-I1 after intérstage

03:15.9 ijettison launch escape tower, begin mode II

0k:30 fixed time abort 3 (mode II)

05:50 S-IVB early staging orbit capsebility )
08:53.6 S-II engine cutoff (TBL4) .,
08:57.6 S-IVB engine ignition

09:10 fixed time abort 4 (mode II)

09:22 begin mode IV, COI

09:30 begin no voice/no G&N mode III Procedure

tb = 2(ta - 570)
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TABLE I.- LAUNCH SEQUENCE AND EVENT

TIMES FOR APOLLO 9 LAUNCH - Concluded

g:e.t., Event description
min:sec
09:31 begin mode III (no burn)
09:54 begin mode III (w/burn)
10:49.3 S-IVB first. guidance cutoff

10:59.3 insertion
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TABLE II.- SC CONSTANTS USED FOR APOLLO 9

LAUNCH ABORT STUDIES

Launch pad

Launch pad geodetic latitude, deg N . . . . .

Launch pad longitude, deg W .

CSM weight at insertion, 1b . . .

CM weight (launch), 1b

SPS propellant (nominal deliverable), 1b

SPS thrust, 1b

SPS Isp’ sec

SPS thrust vector pitch offset (c.g. at launch), deg
SM/RCS thrust, ib e e e e e e e e e e e e e e e e e e
SM/RCS Isp’ sec .

SM/RCS quad thrust offset, deg

Mode III landing target range (AR = 0), n. mi.

Mode III target geodetic latitude, deg N

Mode III target latitude, deg W .

Mode IV (COI) minimum target perigee altitude, n. mi. .

39B
28.626536
-80.620811
58 962

12 319

35 T730.9
20 626
313

3.684
102.8
277.3

10

3350
26.30
-17.1k

75
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TABLE III.~ COMMAND MODULE AERODYNAMICS USED

Mach no. Alpha c Cp C./Cp
‘ 0.20 170.85 | o0.23471° .82516 .28445
i 0.%0 167.22 0.2k291 .85330 . 28467
- 0.70 16k4.08 0.26673 .983&0 .27123
. 0.90 161.27 | 0.32675 .06167 30777
1.10 154.15 | 0.50L4L48 .16099 43453
1.20 15k4.50 0.L48861 .148LYL JL25k5
1.35 153.41 | 0.57346 .27104 .45118
| 1.65 152.h2 0.55997 .25543 RIS
| '2.00 152.11 | 0.5k083 .25152 321l
. 2.40 152.53 | 0.5163k4 .21981 42330
| 3.00 153.11 | 0.48762 19417 40833
4.00 155.30 0.45019 .19920 37541
10.00 156.02 | 0.L4369L .20867 .36150
29.50 159.h1 0.396L49 .27650 .31060

i Note:

Begin mission aerodynamics

XCG
YCG
ZCG

10

Bank angle bias = -0.94°

42, k1
-0.10
6.08
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